Objective: The aim of the study was to investigate the parameters affecting positive margin and the impact of positive margin on outcomes after breast-conserving therapy in patients with breast cancer. Methods: Characteristics and survival of 705 patients attempted breast-conserving therapy between January 1994 and December 2004 were retrospectively analyzed using x 2 tests, the Kaplan -Meier methods and multivariate analyses. Results: Ninety-five (13.5%) showed positive margins at initial resection. Among them, 28 (4.0%) had negative margin on the initial frozen section; however, they finally turned out a focally positive margin with intraductal carcinoma on the permanent pathology. Positive margin at initial resection was significantly associated with lobular histology (P ¼ 0.001), four or more involved lymph nodes (P ¼ 0.015) and the presence of extensive intraductal component (P , 0.001). A focally positive margin did not influence local (P ¼ 0.250; 95% confidence interval, 0.612 -6.592) or regional failure (P ¼ 0.756; 95% confidence interval, 0.297 -5.311). Patients with a focally positive margin showed an advanced nodal stage and received a higher dose of irradiation and more systemic therapy. Nodal involvements were the most significant factor for locoregional failure. Conclusions: Although the achievement of negative margins is the best way to reduce local failure, patients with a focally positive margin and favorable risk factors such as node negativity and older age could have an option of close follow-up with adequate boost irradiation and adjuvant therapy instead of conversion to total mastectomy.
INTRODUCTION
Over the last few decades, breast-conservation therapy (BCT), including breast-conserving surgery (BCS) and radiation therapy, has been an appropriate treatment modality for early-stage breast cancer (1) . Oncologic safety of BCT regarding disease-free survival and overall survival is shown to be comparable to that of mastectomy by large prospective randomized clinical trials (2 -7) . In patients treated with BCT, however, there is a lifelong risk of local recurrence. Local recurrence rate of patients treated with BCT is between 2 and 20% during the follow-up period of 5 -10 years (8, 9) . Although the negative resection margin is defined variously from no tumor within one microscopic field of the cutting edge to margin width over 5 mm, it is the most important factor for local control of the primary tumor (8 -10) . For achieving the negative margins and decreasing the risk of local recurrence, removing more breast tissue is necessary. However, the anatomical structure of the breast does not make it easy and the cosmetic outcome is also unacceptably impacted by more extensive surgery (11) .
Many studies demonstrated that the resection margin status in BCS was significantly related with the local recurrence rate, although some conflicting results were reported (8,12 -16) . The 5-year local failure rate was 2 -7% in the case of final negative margins, but the risk increased to as high as 22% if the resection margin was positive (9) . Therefore, additional re-excision or conversion to total mastectomy in patients with a positive margin is warranted for decreasing the risk of local failure (15, 17) . However, the definition of margin status is not clearly established and it is difficult to evaluate the impact of positive margin on the local failure by randomized clinical trials.
Omitting or delaying radiation therapy is related to an increased risk of local failure in patients with early-stage breast cancer treated with BCS and high-dose radiation therapy is able to eradicate microscopic tumors (18 -20) . Some reports suggest that adjuvant treatments including systemic chemotherapy and hormone therapy reduce or delay the local failure in patients with positive margins (15, 21) . Furthermore, in cases of positive margins, there are frequently no residual tumors in the re-excised tissues and negative margins do not always mean that there are no tumors in the remnant breast tissue because breast cancers have the characteristics of multifocality or multicentricity (9, 17, 22) . That is why there is no consensus on the treatment of patients with a positive resection margin and why re-operation is reluctant to be done in patients with a focally positive surgical margin.
The aim of this study was to investigate the parameters affecting a positive resection margin at the first resection and to evaluate the impact of a focally positive margin on the outcome in patients treated with BCT.
PATIENTS AND METHODS

STUDY COHORT
We retrospectively reviewed the data of breast cancer patients who attempted BCS at the Department of Surgery, Yonsei University College of Medicine between January 1994 and December 2004. Patients who underwent BCS after receiving neoadjuvant chemotherapy were excluded. Among 730 patients, 25 invasive cancers were also excluded because of insufficient work-ups for axillary stage or incomplete data for receiving radiation therapy. A total of 705 patients were enrolled (Fig. 1) .
PRIMARY TREATMENTS
Patients with non-palpable tumor attempted BCS after wire localization guided by mammography or sonography. After the specimen was removed ensuring the gross safety margin over 1 cm, resection margin was further shaved all around from remnant breast tissue with the thickness over 1 -2 mm. The side of the resection margin far from the originally located tumor site was carefully marked with blue-colored ink. If necessary, overlying skin or the base of the specimen was removed and evaluated. The resection margin status was evaluated by the frozen section analysis. If the result of frozen section for the surgical margin status was suspicious or indicated the presence of carcinoma, the positive site of the remnant breast was re-excised once or twice for achieving the negative margin or total mastectomy was performed in the cases of persistent positive margins on re-excisions. A positive resection margin was defined as a microscopic tumor at the inked cutting edge in the frozen section or permanent pathologic reports. Extent of focal margin involvement was single area of carcinoma, ,0.4 cm in size at the margin.
Some with false-negative finding of the frozen section analysis underwent re-operation including additional re-excision or conversion to total mastectomy. The operation method for a breast tumor was determined not by the preoperative axillary lymph node staging but by the international guidelines for BCS. For axillary treatments, 80% (564/705) of the patients underwent total axillary clearance without sentinel lymph node biopsy procedures. After completion of Figure 1 . Enrolled patients and group categorizations. the surgery, adjuvant treatments were administered as indicated based on the international guidelines if patients were tolerable. As a rule, the whole breast was irradiated with a dose of 50.4 Gy. In patients with negative resection margins, 9 Gy boost was delivered to the tumor bed, and in patients with positive margins, 14.4 Gy boost was delivered to the tumor bed including the positive margin area.
GROUP DEFINITION AND CLINICOPATHOLOGICAL EVALUATION
Data regarding demographics of patient, histopathology of primary tumor, treatment patterns and survival were obtained by reviewing medical records. In our study, Group A was defined as patients with negative margins at the first resection, and Group B as patients with negative margins with additional re-excisions due to the initial positive margin. Group C patients converted to total mastectomy due to persistent positive margins on re-excisions, and Group D was defined as patients with negative margins on the initial frozen section analysis but they finally turned out a focally positive margin involving intraductal carcinoma on the permanent pathology (Fig. 1) . After explaining the benefits and risks of additional surgery and providing the alternative treatment modalities to patients with a positive surgical margin, Group D patients decided to regularly follow-up instead of re-operation because they wanted to preserve their breast mound.
Tumor stage was based on the 6th American Joint Committee on Cancer (AJCC) criteria. Histological type and grading followed the World Health Organization classification. An extensive intraductal component (EIC) was defined as intraductal carcinoma represented more than 25% of the tumor volume. Tumors with 10% or more of nuclear stained cells were considered positive expression of estrogen receptor (ER) and progesterone receptor. Clinical follow-up included history taking, physical examination, laboratory tests and radiologic imaging tests every 6 -12 months for detection of relapse. The follow-up period was calculated from the date of the first operation to the date of the last follow-up or death from any cause. Local recurrence was defined as the reappearance of carcinoma in the treated remnant breast or chest wall, or death before any types of relapse. Events determining regional relapse-free survival (RRFS) were defined as recurrences to the axillary, supraclavicular or internal mammary lymph nodes, or death without any recurrences.
STATISTICAL ANALYSIS
The differences between the groups were evaluated by x 2 test. Fisher's exact test was used when appropriate. Logistic regression analysis was employed to evaluate parameters affecting the first positive resection margin. Survival curves were determined and plotted using the Kaplan -Meier method and group differences in survival time were investigated by a log-rank test. A Cox proportional hazards model was used to identify variables that were independently associated with survival. A P value of ,0.05 (two-sided) was considered statistically significant. SPSS for Windows (version 17.0, SPSS Inc., Chicago, IL, USA) was used for all statistical analyses.
RESULTS
PATIENT DEMOGRAPHICS AND PARAMETERS AFFECTING A POSITIVE MARGIN AT THE FIRST RESECTION
The median age at diagnosis was 46 years (range, 20 -78 years), and the median follow-up duration was 59.4 months (range, 0.2 -168.7 months) in all patients. Of the 705 patients, 610 (86.5%, Group A) successfully underwent BCS at the first resection. Ninety-five (13.5%) patients showed a positive margin at the first resection. Sixty-seven (9.5%) underwent additional surgery. Twenty-seven (3.8%, Group B) underwent re-excisions to achieve negative margins and 40 (5.7%, Group C) converted to total mastectomy due to persistent positive margins on re-excisions. Twenty-eight (4.0%, Group D) patients finally had a focally positive resection margin involving intraductal carcinoma. Patient demographics according to the first or final margin status are summarized in Table 1 . Positive surgical margins at the initial resection (Group A vs. Groups B, C and D) were significantly associated with a lobular histologic type (P , 0.001), four or more involved lymph nodes (P ¼ 0.007) and the presence of EIC (P , 0.001). In a logistic regression model, these factors remained statistically significant (Table 2) . Patients with a positive margin at the initial resection showed an advanced nodal stage and higher expression rates of ER; therefore, they received more chemotherapy or hormone therapy. When Group D was compared with the final negative margin groups (Groups A, B and C), it showed an advanced nodal stage, differentiated grade and frequent presence of EIC. Although it was not statistically significant, Group D received more adjuvant treatments.
SURVIVAL OUTCOMES
The survival curves according to margin status were shown in Fig. 2 . The 5-year local relapse-free survival (LRFS) rates of Groups A and B, C, and D were 89.5, 89.9 and 84.6%, respectively (P ¼ 0.814). The 5-year RRFS rates were 90.9, 89.9 and 90.0%, respectively (P ¼ 0.934). A focally positive margin did not influence both local and regional failure ( Table 3) . The age at diagnosis of 35 or younger (P ¼ 0.006), advanced nodal stage (P ¼ 0.010) and not receiving systemic adjuvant therapy (P ¼ 0.016) were significantly associated with poorer LRFS rates. Nodal involvements were an important factor for regional failure (P , 0.001) and the age at diagnosis of 35 or younger did not reach statistical significance (P ¼ 0.068). In Cox's hazard regression model for multivariate analysis, four or more nodal involvements were the most significant factors for LRFS and RRFS (Tables 4 and 5,   602 Focally positive margins after BCT respectively). Receiving adjuvant systemic therapy was significantly associated with better LRFS and showed borderline significance for RRFS by Cox's models.
DISCUSSION
With the increase in breast cancer incidences and the desire to maintain the body image, the percentage of BCS (10, 25, 26) . Therefore, BCT is anticipated to continuously increase. As more patients are receiving BCS, the number of failure may increase. In our study, 95 (13.5%) patients had positive margins at the first resection and 40 (42.1%) of them converted to total mastectomy. Although positive resection margins did not guarantee residual tumors in the remnant breast, many studies demonstrated that the positive margin was a significant risk factor for local recurrence and further surgical interventions even including total mastectomy were indicated in cases unable to obtain negative margins (8, 17, 27) . Therefore, it is important to evaluate parameters affecting a positive surgical margin. In treating patients with those risk factors, surgeons have to sufficiently explain and discuss surgical plans with the patient and their guardians including the probability of conversion to total mastectomy and offer the chance of considering breast reconstruction. The pathologists also have to carefully evaluate surgical margins. In our study, patients with lobular histologic type, four or more involved lymph nodes and the presence of EIC had a higher probability of positive margin status.
Unfortunately, it is not easy to clearly determine these tumor-associated features before the definite surgery. However, these characteristics of tumors may be extrapolated from preoperative radiologic or pathologic studies. Immunohistochemical study using E-cadherin from core biopsy specimens is useful to distinguish lobular type from ductal carcinoma (28) . Although our analysis for predicting the positive margin at the first resection revealed that advanced pathologic T stage was associated with increasing risk ratio without statistical significance, increasing tumor 
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Focally positive margins after BCT size may be correlated with advanced nodal involvements. Mammographic appearance with clustered microcalcifications or presence of multifocal extent and high grade of intraductal carcinoma in core biopsy slides is highly suggestive of being associated with EIC-positive tumors (29) . However, the really important point to keep in mind is that the type of surgery should be determined not by these preoperative tumor-presenting radiologic or pathologic findings but by current international guidelines. Large-scale clinical trials or regularly updated consensus meetings should be necessary to define the pros and cons related with BCT. An EIC is defined as intraductal carcinoma consisting of a prominent portion of the tumor and extending beyond invasive cancer into the surrounding normal breast tissue (25) . It has been shown to be a risk factor for local recurrence but if negative resection margins are obtained, an EIC-positive tumor is also indicated to the BCT (8, 10, 30, 31) . In our study, the presence of EIC was associated with a positive margin at the first resection; however, it was not a risk factor of local failure after achieving negative margins. However, achieving negative margins in an EIC-positive tumor is not easy.
Besides the resection margin status and EIC, there are many factors related to local control in patients treated with BCT, such as younger age at diagnosis, genetic susceptibility, histologic type, axillary lymph node involvement, higher grade, lymphovascular invasion (LVI) and lack of adjuvant treatment including high-dose radiation, hormonal therapy and chemotherapy (8, 10, 15, 25, 30) . Although there are some debates on the risk factors for local recurrence, many studies propose that a younger age at diagnosis is associated with higher local failure rates in patients treated with BCT (15, 17, 31, 32) . Our study showed that an age of 35 or younger was a significant factor for local recurrence in univariate analyses. However, the impacts of a younger age at diagnosis on the local control did not reach statistical significance in multivariate analyses. In the current study, lobular histology was a significant factor related to the positive margin at the initial resections by the logistic regression model as the previously reported tumor characteristics of multicentricity, multifocality and bilaterality (33) . However, despite having a higher risk of positive surgical margins, the histologic type was not associated with local failure in our analyses. Most of our study cohorts with lobular carcinoma achieved negative margins by re-excisions or conversion to total mastectomy. Only 2 of 18 (11.1%) lobular carcinoma patients had a finally focal positive margin and they received a high-dose radiation therapy. van den Broek et al. (34) hypothesized that the lack of an association between the margin status and risk of local failure after BCT in patients with lobular carcinoma might be related to a high sensitivity of lobular histology to irradiation.
Axillary nodal involvements have not been consistently associated with an increased risk of ipsilateral breast recurrence when treated with BCT (10, 25) . When the axillary nodal status was dichotomized as nodal un-involvement vs. node involvement in our study, the nodal status was not associated with local failure (data not shown). When the nodal status was categorized as pathologic N0 ( pN0), pN1, and pN2 -3, however, four or more nodal involvements were an independent risk factor of local recurrence. These findings might be related to LVI. Although we were not able to investigate the presence of LVI in this study, the presence of LVI has been associated with an increased risk of positive surgical margins or local recurrence (8, 10) . The presence of LVI has been known as a predictor for axillary lymph node metastases; therefore, patients with an advanced nodal stage might have higher probability of LVI (35, 36) .
The focal positive margin does not always guarantee a residual tumor in the remnant breast and is an undetermined risk factor for local recurrence (9, 17) . Our study cohorts having a positive surgical margin showed a focal intraductal carcinoma in the final pathology and treated with a higher dose of radiation. Radiation therapy is able to eradicate microscopic tumors, and adjuvant chemotherapy and endocrine therapy can also contribute to local control (20, 21) . Although it is hard to draw a definite conclusion from studies with small sample size, a focally positive surgical margin can be carefully observed with adequate adjuvant treatments with minimal influence on local failure.
In order to achieve a successful BCS, a combined clinical, radiological and pathological evaluation should be concentrated on the achievement of negative surgical margins. Although obtaining tumor-free surgical margins is the best way to reduce local failure, resection of a large breast volume may result in a poor cosmetic outcome. In patients with a single focus of the positive resection margin and favorable risk factors such as node negativity and older age, a close follow-up with additional boost irradiation and 
